As a result of the necessity to improve energy properties of prefabricated buildings, their thermo-modernizations are performed. In the paper various approaches to the modelling of prefabricated load bearing walls before and after thermo-modernization are presented. Simple one layer models with extra mass from ceilings and equivalent stiffness as well as multilayer ones are taken into consideration using the finite element method software. Values of the natural frequencies of the wall horizontal vibrations calculated using the various models, are compared. It was proved that even the very simple model with equivalent stiffness allows to compute natural vibration frequencies of wall with acceptable accuracy for engineering practice.
INTRODUCTION
The group of typical prefabricated buildings (an example is shown in Fig. 1 ) is very huge among apartment buildings in Poland. They were built in 50's, 60's and 70's of 20th century. Nowadays, because of the new environmental regulations as well as the expectations of current lodgers, they are modernized. Mainly, modernization deals with heat insulation.
This type of modernization of prefabricated buildings has been widely used, for example, in France already since the seventies of the twentieth century [3] . In East Germany after the fall of the Berlin Wall thermo-modernization of large prefabricated housing estates allowed not only to improve heat isolation of buildings but also to get the modern look of them [9] . In Poland thanks to EU funds a lot of prefabricated buildings (apartment and public utility buildings) have been also modernized.
This kind of modification brings additional mass to the building, changes its stiffness and, as the result, the dynamic properties of the structure could be changed. Changes in the natural frequencies of vibrations are the most important among them -calculations of these values are necessary especially in the case of objects subjected to paraseismic or seismic excitations [11] .
The most popular of buildings' heat isolation technology makes walls thicker by adding the extra layers of styrofoam, rock or mineral wool, reinforced mortar, glass fibre textile mesh. For the analysis of such walls many different numerical models of multi-layer structures as the sandwich panels have been proposed [1, 6, 18] .
A great number of published papers deal with the examinations of the influence of the solutions of concrete sandwich walls (which combine structural and thermal efficiencies) on the reduction of the energy consuming, cf. e.g. [4, 12, 14, 15, 16] . Whereas the subject of dynamic analysis of the buildings with thermo-isolated bearing walls is poorly represented in the literature.
In the paper values of natural vibration frequencies of prefabricated walls before and after thermomodernization are computed using various approaches to the wall modelling 
ANALYSED WALL
Typical high reinforced concrete load bearing wall of WWP prefabricated system [7] (marked in Fig. 1 ) was considered -10.8m width and 29.7m (11 storeys x 2.7m) height. Each of the prefabricated wall panels have 3 layers: load bearing, thermal insulation and elevation. Extra thermo-modernization part consists of reinforced mortar, styrofoam and glass fibre textile mesh [10] . Wall's layers as well as their thickness are presented in Fig. 2 and Table 1 . 
NUMERICAL MODELS
Five numerical models have been proposed. The first three models (A, B, C) relate to the wall before thermo-modernization and the two next (D, E) -the wall after insulation. Therefore in models A, B and C the layers listed in Fig. 2 and Table 1 as (1) - (3) have been considered, while in the cases of D and E models, the eight layers (1) - (8) (cf. Fig. 2 , Table 1 ) have been taken into account.
In model A thickness of the whole wall was reduced to the thickness of load-bearing layer (12cm).
Stiffnesses of styrofoam and elevation layer have not been taken into account. However, additional mass from these parts of the wall has been included.
In model B thickness of the wall is the same as thickness of prefabricated panel (21cm), but the equivalent (substitute) Young modulus and equivalent (substitute) Poisson's ratio were prepared with the consideration of mechanical properties of all of the layers. Equations (3.1) and (3.2) were applied for this purpose:
where:
Eeqv , νeqv -equivalent Young modulus and Poisson's ratio for the whole model, Ei , νi -Young modulus and Poisson's ratio for particular, subsequent layers and di -thickness of the layer.
All actual layers with their actual Young modulus and Poisson's ratio were taken into account in the model C. So it is the most accurate model of prefabricated wall panel.
Model D was created in the same way as model B -all the eight layers were reduced to one layer with parameters obtained using Equations (3.1) and (3.2).
Model E is an analogous version to C model, but including all the eight layers.
In each of models three variants of additional mass from cooperating ceilings were also considered:
I -no extra mass from ceilings, II -the mass of ceiling strips with a width of 1m, III -the mass of ceiling strips with a width of 2.7m.
Computations were carried out in Finite Element Method System Ansys [17] using 8-node multilayer structural shell element SHELL281 which is well-suited for both linear and nonlinear applications and dedicated to be used for modelling composite shells or sandwich constructions [17] . Specifying the thickness, material, orientation, and number of integration points through the thickness of the layers are available. This element uses the first-order shear-deformation theory and the default number of integration points for each layer is three [17] . Additionally, the results obtained with the application of element SHELL281 were compared with analogous ones originating from the calculations with using a bit less complex, reducing a numerical effort, only 4-node multi-layer structural shell element SHELL181.
All materials of wall layers were modelled as isotropic and linear elastic. Their parameters are summarized in Table 2 . 
RESULTS
To illustrate the results obtained using the proposed various models, the first and the second natural horizontal vibration frequencies (f1, f2) of the modelled building wall were compared. It was stated from the experimental full-scale measurements that the horizontal vibrations with the fundamental natural frequency are dominant in the cases of buildings with load bearing prefabricated walls. 
CONCLUSIONS
In the paper various approaches to the modelling of prefabricated load bearing walls before and after thermo-modernization have been presented.
The numerical results show that: 
STRESZCZENIE:
Klasa typowych budynków prefabrykowanych jest stosunkowo liczna wśród budynków mieszkalnych w Polsce.
Budynki te powstawały w latach pięćdziesiątych, sześćdziesiątych i siedemdziesiątych dwudziestego wieku. Obecnie, na skutek nowych przepisów dotyczących ochrony środowiska i właściwości cieplnych obiektów budowlanych oraz oczekiwań współczesnych mieszkańców, budynki te są modernizowane. Zasadnicze zmiany dotyczą izolacyjności cieplnej ścian.
Tego typu modernizacje są szeroko stosowane, np. we Francji już od lat siedemdziesiątych ubiegłego wieku. We Ponadto wyniki przeprowadzonych obliczeń wskazują, że termomodernizacja ścian budynku (masa i sztywność dodanych warstw izolacji cieplnej) może zmienić wartości częstotliwości drgań własnych ściany.
Wartości częstotliwości drgań własnych f2 ścian obliczone z użyciem elementów SHELL281 i SHELL181 mogą się nieco różnić, podczas gdy obliczane wartości f1 są praktycznie takie same. Zatem w przypadku obliczeń częstotliwości drgań własnych wielowarstwowej ściany po termomodernizacji można byłoby rekomendować element SHELL281, jako bardziej precyzyjny niż element SHELL181. Zwiększenie liczby punktów całkowania dla każdej warstwy elementu SHELL281 z trzech do pięciu, siedmiu i dziewięciu nie wpływa na wyliczane wartości częstotliwości drgań.
